HE incidence of subarachnoid hemorrhage (SAH) varies widely throughout the world, but the estimate of 10 to 11 patients per 100,000 population per year is the generally accepted figure in western countries. Approximately 15% of patients die before reaching medical facilities. Of those who reach medical attention, approximately 30 to 50% die of the initial hemorrhage or as a result of its complications within a few weeks. 15 The leading causes of morbidity and mortality are the neurological and medical sequelae resulting from the initial bleed, repeated SAH, and delayed ischemic deficits caused by chronic arterial spasm. [15] [16] [17] Medical complications, that is, the dysfunction of pulmonary and/or nonpulmonary organ systems, significantly contribute to incidences of morbidity and mortality after aneurysmal SAH. Although only 1.6% of disabilities and deaths that follow SAH were attributed to medical complications in the International Cooperative Study on the Timing of Aneurysm Surgery, 16, 17 a recent report has indicated that the rates of disability and death due to medical complications may be as high as those caused by the direct effects of SAH, repeated SAH, or chronic arterial spasm. 32 Pulmonary dysfunction was responsible for 50% of all deaths resulting from medical complications in the aforementioned study. 32 In view of these findings, the purpose of this observational study was to examine the relationship between a patient's neurological condition and pulmonary function and the influence of pulmonary function on neurological outcome.
depressed levels of consciousness were intubated to provide airway protection and sufficient gas exchange by trained emergency medical personnel before transport to the hospital. Patients found comatose, that is, with an unknown interval between hemorrhage and arrival of emergency medical personnel, were not considered for treatment in the acute phase.
All cases were managed in the neurosurgical intensive care unit (NICU) at the University of Vienna. The NICU is a 10-bed unit supervised and staffed by members of the departments of neurosurgery and anesthesiology.
Patients underwent a treatment protocol that included administration of calcium-channel antagonists and hypertensive hypervolemic hemodilution therapy. 1 Although hypervolemic therapy was routinely used, induced hypertension was initiated in the presence of symptomatic vasospasm or increased cerebral blood flow velocities (CBFVs) measured by transcranial Doppler ultrasonography.
Study Population
The patients enrolled in the study ranged in age from 20 to 83 years (mean Ϯ standard deviation [SD] 50.3 Ϯ 13 years). The female/male ratio was 1.7:1. Of the aneurysms treated, 183 were in the anterior and 24 in the posterior circulation. The patients' clinical grades at admission to the hospital were stratified according to the Hunt and Hess 12 (H & H) classification. In cases of patients who were sedated and mechanically ventilated on admission, the neurological condition prior to sedation and neuromuscular blockade was recorded. Of the 207 patients who formed the study population, 24 patients (11.6%) were assigned H & H Grade I, 44 (21.2%) Grade II, 62 (30%) Grade III, 46 (22.2%) Grade IV, and 31 (15%) Grade V. The amount of blood detected on the initial CT scan was graded according to the classification of Fisher. 8, 18 Within the study population, six patients (2.9%) were determined to be Fisher Grade 1, 54 (26.1%) Grade 2, 66 (31.9%) Grade 3, and 81 (39.1%) Grade 4. Seventy-three percent (151 of 207) of the patients underwent microsurgical clipping and 27% (56 patients) underwent endovascular embolization (Guglielmi detachable coil system; 9,10 Target Therapeutics, Fremont, CA) of their aneurysms. The treatment modality used in each case was selected by a team of neurosurgeons experienced in both treatment modalities who followed recently published criteria. 28 
Data Collection
Data were recorded according to NICU routine and retrospectively examined for the relationship between the patient's neurological condition and pulmonary function, and for the influence of pulmonary function on neurological outcome. The analyses were based on data recorded within the first 14 days after onset of SAH unless patients died or underwent successful extubation during this period. Between-group comparisons were performed in two ways: first, by using the mean values for each variable recorded for each patient during the first 14 days post-SAH; and second, by using the extreme value for each variable, that is, the highest or lowest mean daily value of the variable. We decided to limit data analysis to the first 14 days because including a longer period of observation for the calculation of mean values might obscure the severity of acute respiratory problems.
Cerebral Physiological Parameters
Intracranial pressure (ICP) measurements were obtained in 167 patients (80.7%). The ICP was monitored by means of ventriculostomy and/or fiberoptic intraparenchymal monitoring systems (Camino, San Diego, CA). Mean arterial blood pressure (MABP) was continuously monitored and cerebral perfusion pressure (CPP) was calculated according to the following equation: CPP = MABP Ϫ ICP. All patients were given radial artery catheters for hemodynamic monitoring and sampling of arterial blood. Monitoring of CBFV was performed in 196 patients (94.7%) using a 2-MHz-range gated-pulsed transcranial Doppler ultrasound device (Multidop L; DWL, Sipplingen, Germany).
Systemic Physiological Parameters
Vital signs were recorded according to NICU routine. Data compiled for each patient included hemodynamic (heart rate, systolic, diastolic, and MABP), respiratory Methods of ventilatory support, adjustment of FiO 2 , weaning criteria, and other treatment modalities were applied in a consistent manner throughout the study period following the standardized practice of the NICU. Patients were extubated when pulmonary and neurological conditions had improved sufficiently to allow spontaneous ventilation without mechanical support. Even after patients underwent uneventful clipping or coiling of their aneurysms, they were not extubated in the operating room but were transferred to the NICU for extubation and postoperative observation. Parameters of pulmonary gas exchange using mechanical ventilation (EVITA and UV II; Draeger, Lübeck, Germany) were, therefore, obtainable for every patient.
The PaO 2 , the arterial saturation of oxygen, and the arterial content of oxygen were recorded. The alveolar-minusarterial oxygen tension difference (AaDO 2 ) was derived from the following alveolar gas equation: AaDO 2 = (P B Ϫ P H2O ) ϫ FiO 2 Ϫ 1.25 ϫ PaCO 2 in which P B = barometric pressure and P H2O = water vapor pressure.
Daily chest radiographs were obtained using a standardized setting (distance 100 cm, voltage 80 mV, anteroposterior projection) and were scored by the senior staff radiologist (H.G.). The scoring consisted of Grade 0, no alveolar consolidation; Grade 1, alveolar consolidation confined to one quadrant (Fig. 1A) ; Grade 2, alveolar consolidation confined to two quadrants (Fig. 1B) ; Grade 3, alveolar consolidation confined to three quadrants (Fig.  1C) ; and Grade 4, alveolar consolidation in all four quadrants (Fig. 1D) . Computerized tomography of the chest was only performed in patients with severe respiratory failure.
The assessment of lung injury was based on several criteria. Abnormalities in pulmonary gas exchange were expressed as the PaO 2 /FiO 2 ratio to correct for the various levels of FiO 2 administered. Additionally, the AaDO 2 /FiO 2 ratio was calculated to account for changing levels of PaCO 2 . 25 Acute lung injury (ALI) was defined as a PaO 2 / FiO 2 ratio of less than 300 and severe ALI as less than 200. 2, 19 We also used a composite scoring system (Lung Injury Score [LIS] 26 ), which included evaluation of chest radiographs, arterial oxygenation (PaO 2 /FiO 2 ), and the level of PEEP (Table 1) . In contrast to the original score, pulmonary compliance was not considered and grading of pulmonary function was slightly modified. For the purpose of this analysis, we defined normal pulmonary function as an LIS of 0, mild lung injury as 0.1 to 1.5, moderate lung injury as 1.6 to 2.5, and severe ALI as an LIS greater than 2.5. The PIF score (PIF = PEEP ϫ [I/E] ϫ FiO 2 ) as a quantifying parameter for mechanical ventilator settings was calculated daily as described by Koller and coworkers. 20 Systemic inflammatory response syndrome (SIRS) was defined as the systemic inflammatory response to a variety of severe clinical insults. 3, 4 The response is manifested by two or more of the following conditions: 1) temperature higher than 38˚C or lower than 36˚C; 2) heart rate faster than 90 beats per minute; 3) respiratory rate more than 20 breaths per minute or a PaCO 2 of less than 32 mm Hg; and a white blood cell count higher than 12,000/mm 3 or less than 4000/mm 3 . If the SIRS was the result of a confirmed infectious process it was termed sepsis. Multiple organ dysfunction syndrome (MODS) was defined as the presence of altered organ function in the acutely ill patient such that homeostasis could not be maintained without intervention. 3, 4 The Glasgow Outcome Scale (GOS) 13 was used to document the patients' functional status at follow-up review. Severe disability, vegetative state, and death (GOS scores of 3-1) were considered poor neurological outcomes.
Statistical Analysis
All data are presented as the mean Ϯ SD. Comparisons between groups were computed using the two-tailed, unpaired Student's t-test or the chi-square test for contingency tables (SPSS/PC+, V 4.0; Marija J. Norusis, SPSS Inc., Chicago, IL and StatView, V 4.0; Abacus Concepts, Inc., Berkeley, CA). Statistical analysis of sequential data over time was performed using an analysis of variance. Differences with a probability value of 0.05 or less were regarded as statistically significant. Variables that were significantly associated with neurological outcome in a simple univariate analysis were tested for interaction in a stepwise forward logistic regression analysis. The final model contained only those additional variables that were significantly associated with poor neurological outcome.
Results

Overall Group Analysis
When each patient's maximum LIS (the LIS on the day of maximum lung injury) was reviewed, 38 patients (18.4%) were found to have intact pulmonary function (maximum LIS of 0) throughout the period of mechanical ventilation. Ninety-one patients (44%) had mild lung injury (maximum LIS 0.1-1.5) at least once during mechanical ventilation, 43 (20.8%) had moderate lung injury (maximum LIS 1.6-2.5), and 35 (16.9%) had severe lung injury (maximum LIS Ͼ 2.5). The mean duration of intubation (DOI) was 11.5 Ϯ 11.8 days with 134 patients (64.7%) requiring prolonged mechanical ventilation (Ͼ 24 hours) due to poor neurological and/or pulmonary condition.
Relationship Between Hunt and Hess Grade and Pulmonary Function
Pulmonary function was related to the patient's H & H grade at admission (Fig. 2) (14 of 46) with Grade IV and 35.5% of patients (11 of 31) with Grade V had severe ALI at least once during respirator therapy. Accordingly, although patients with Grade I never suffered ALI, patients with Grade III experienced on average 2.5 days of moderate and 0.7 days of severe ALI and patients with Grade IV or V experienced on average 3.9 days of moderate and 3.3 days of severe ALI. There was no significant difference in pulmonary gas exchange between patients undergoing microsurgical treatment and those receiving endovascular therapy.
The time course of pulmonary function after aneurysm rupture was significantly related to the patient's H & H grade at admission ( 
Relationship Between Pulmonary Function and Neurological Outcome
The neurological status of the patients was recorded 6 months after SAH and treatment. One hundred two patients (49.3% of the study population) were neurologically intact throughout their hospitalization and follow-up review. Minor neurological deficits were seen in 35 patients (16.9%). In summary, 137 patients (66.2%) had a favorable neurological outcome, defined as GOS scores of 4 or 5. In contradistinction, 70 (33.8%) had a poor neurological outcome, defined as GOS scores of 1, 2, or 3. Of the latter, 18 patients (8.7%) survived with severe disability, six patients (2.9%) were in a vegetative state, and 46 patients (22.2%) died. The primary causes of the 46 deaths were: direct effects of the bleed (24%), repeated SAH (10.9%), vasospasm (21.8%), surgical/endovascular complications (6.3%), and severe medical complications (37%) (Fig. 4) . The fatal medical complication was SIRS/ sepsis with associated MODS (32.6% of all deaths, 7.2% of the total population) in all but two cases. Fatal hypoxemic respiratory failure (PaO 2 ≤ 50 mm Hg despite maximum respiratory support) occurred in one case; the other patient died of myocardial infarction.
Age, gender, treatment modality, aneurysm location, maximum CBFV, and the percentage increase in CBFV from baseline were not significantly associated with outcome ( Table 2) . In contradistinction, H & H grade, Fisher CT grade, mean ICP, maximum ICP, mean CPP, and minimum CPP were all significantly related to outcome (Table 2) . Pulmonary function, quantified as the mean AaDO 2 , maximum AaDO 2 , mean AaDO 2 /FiO 2 ratio, maximum AaDO 2 /FiO 2 ratio, mean PaO 2 /FiO 2 ratio, minimum PaO 2 /FiO 2 ratio, mean LIS, and maximum LIS, was related to neurological outcome ( Table 3 ). The mortality rate in patients with a maximum LIS of 0 was 2.6% (one of 38), compared with a 13.2% mortality rate (12 of 91) in patients with a maximum LIS of 0.1 to 1.5, a 25.6% mortality rate (11 of 43) in patients with a maximum LIS of 1.6 to 2.5, and a 62.9% mortality rate (22 of 35) in patients with a maximum LIS of greater than 2.5 (Fig. 5) . Poor neurological outcome (GOS classifications of severe disability, vegetative state, or death) was seen in three (7.9%) of 38 patients with a maximum LIS of 0, in 20 (22%) of 91 patients with a maximum LIS of 0.1 to 1.5, in 22 (51.2%) of 43 patients with a maximum LIS of 1.6 to 2.5, and in 25 (71.4%) of 35 patients with a maximum LIS of greater than 2.5. of variance when mean values were compared and the chisquare test was used with categorical data; maximum/minimum = maximum/minimum daily mean value of the variable during respirator therapy; mean = mean value of the variable during respirator therapy. Abbreviations: A/P = anterior or posterior circulation; NS = statistically not significant; % ⌬ CBFV = percent increase in CBFV from the baseline value.
† Hunt and Hess grades are shown as Arabic numerals to represent fractions: 1 = asymptomatic or minimal headache; 2 = moderate headache, nuchal rigidity, no neurological deficit other than cranial nerve palsy; 3 = drowsiness, confusion, or mild focal deficit; 4 = stupor, moderate to severe hemiparesis, vegetative disturbances; 5 = deep coma, moribund. Patients presenting with severe systemic disease or angiographic vasospasm were not placed in the next less favorable category. ‡ Fisher CT grades: 1 = no subarachnoid blood detected; 2 = diffuse deposition of thin layers of subarachnoid blood less than 1 mm thick; 3 = diffuse or localized thick layers of subarachnoid blood 1 mm or more in thickness; 4 = diffuse or also no subarachnoid blood, but with intracerebral and/or intraventricular clots.
FIG. 5. Bar graph showing the relationship between severity of lung injury (maximum LIS) and neurological outcome (GOS score)
. LIS max = lung injury score on the day of maximum lung injury. * Outcome values are presented as means Ϯ SD. The p value is given for analysis of variance. Minimum/maximum = mean value of the variable on the day of maximum lung injury; mean = mean value of the variable during respirator therapy; NS = statistically not significant (p Ͼ 0.05).
Variables significantly associated with neurological outcome in the univariate analysis (p Ͻ 0.05; Tables 2 and  3) were entered into a stepwise forward logistic regression analysis and tested for interaction. The final regression model (z = 5.543 Ϫ 0.1091 ϫ minimum CPP + 0.533 ϫ maximum LIS) with poor neurological outcome (GOS scores of 1-3) as a dependent variable correctly identified 80% of outcomes (positive predictive value 80.8%, negative predictive value 78.7%) with an 86% sensitivity and a 71.6% specificity. The parameters significantly associated with patient outcome were minimum CPP (p Ͻ 0.001) and maximum LIS (p = 0.01). Thus, when the effect of pulmonary function was adjusted for all other covariates, the maximum LIS remained an independent predictor of neurological outcome. At a minimum CPP of 60 mm Hg, a maximum LIS of 1 increased the probability of poor outcome by 12%, a maximum LIS of 2 by 26%, and a maximum LIS of 3 by 38%. A LIS of 4 was associated with a 50% higher probability of poor outcome (Fig. 6 ).
Discussion
The purpose of this observational study was to evaluate the relationship between the severity of SAH and pulmonary function as they influence neurological outcome in a population treated for ruptured intracranial aneurysm(s) within 7 days of the most recent bleed. Although the overriding importance of CPP for neurological outcome is evident and has also been appreciated in the report on the Traumatic Coma Data Bank, 23 the major result of the present study is that patient outcome for every given minimum CPP is also significantly influenced by the severity of lung injury (Fig. 6) .
Stratification of Lung Injury, Systemic Inflammation, and Organ Dysfunction
Stratification of pulmonary function according to the underlying disease process was difficult because impaired oxygenation was often the sum of numerous processes. Therefore, we used parameters of oxygenation as valid markers of pulmonary function and scored lung injuries according to the recommendations of the AmericanEuropean Consensus Conference on Acute Respiratory Distress Syndrome (ARDS). 2 The working definitions for respiratory failure were based on the severity of impaired oxygenation. "Lung injury" was present when characteristic pathological abnormalities in the lung resulted in deterioration of normal lung function. "Acute lung injury" was defined as a condition involving impaired oxygenation, expressed as a PaO 2 /FiO 2 ratio of less than 300. Severe ALI was defined as a PaO 2 /FiO 2 ratio of less than 200. 2, 19, 31 It was the recommendation of the Consensus Conference that pulmonary infections should also be considered ALI when the physiological criteria listed above were met. However, it is important to note that the individual value of an oxygenation variable prior to hemorrhage is usually unknown for a given patient. Despite this limitation, the LIS 26 allowed us to obtain estimates of respiratory status by scoring pulmonary gas exchange (PaO 2 / FiO 2 ), chest radiographs, and ventilator setting (PEEP).
The definitions of systemic inflammation and organ dysfunction, as used in the text, are in accordance with the recommendations of the American College of Chest Physicians/Society of Critical Care Medicine consensus conference on the definitions of sepsis and organ failure. 3, 4 We used the term SIRS to describe a systemic inflammation that was either infectious in origin or not. If SIRS was the result of a confirmed infectious process, it was termed sepsis. 3, 4 The term "organ dysfunction" rather than "organ failure" was used to underscore the continuous nature of the physiological derangement.
3,4
Incidence of Lung Injury
In the International Cooperative Study on the Timing of Aneurysm Surgery, 16, 17 pneumonia occurred in 247 patients (7%), atelectasis in 81 (2.3%), ARDS in 70 (2%), and pulmonary edema in 67 patients (1.7%). In the report of the multicenter study on the medical complications of aneurysmal SAH, 32 pulmonary edema (23%), pneumonia (22%), atelectasis (16%), and ARDS (4%) were detected more frequently. When compared with these reports, the incidence of lung injury was high among our study population (81.6%). However, although 75 to 80% of the patients reported on in the International Cooperative Study on the Timing of Aneurysm Surgery were in good clinical condition at admission, 37.2% of the patients included in the present study were H & H Grade IV or V. We assume that the referral pattern at our institution, that is, the large proportion of patients having poor H & H grades with frequently impaired pulmonary function, sufficiently explains this finding.
Relationship Between H & H Grade and Pulmonary Function
Concurring with the aforementioned report on medical complications of aneurysmal SAH, 32 we recognized that pulmonary function was significantly related to the patient's H & H grade at admission. We assume that a number of events following aneurysm rupture facilitate the development of respiratory failure. These will occur more A. Gruber, et al.
frequently in neurologically compromised individuals and account for the preponderance of impaired pulmonary function in patients with poor H & H grades. Lung injury can result from aspiration of oropharyngeal contents prior to intubation in patients with depressed levels of consciousness and from ventilator-associated pneumonia in individuals requiring prolonged mechanical ventilation. Nonedematous respiratory distress syndrome-impaired pulmonary gas exchange in the absence of significant alveolar edema and/or consolidation-can occur in the presence of major cerebral insults (GR Bernard, personal communication, 1996) . Additionally, cerebral vasospasm can result in respiratory failure secondary to ischemic neurological deterioration. Pulmonary edema following the extensive use of hypertensive hypervolemic hemodilution therapy may additionally disturb gas exchange but was infrequently seen in our series. Finally, the intrapulmonary shunt fraction (Qs/Qt) may be higher during nimodipine treatment (Richling, et al., unpublished data) .
We recognized a characteristic pattern and time course of respiratory failure among the study population. We believe that the patient's H & H grade at admission not only relates to the severity but also to the time course of lung injury. On average, patients who had H & H Grade I or II had intact pulmonary function, whereas those with H & H Grade III had impaired pulmonary function on referral, although they remained stable thereafter. Patients with Grade IV or V initially had impaired pulmonary function similar to the Grade III group, but significantly deteriorated from Day 4 onward. This is in accordance with the results of the report on the medical complications of aneurysmal SAH, 32 in which almost 50% of pulmonary complications occurred on Day 3 or 4 post-SAH and also supports a recent report by Doyle, et al., 6 who found no major prognostic value in the initial oxygenation defect (Days 1-3 post-SAH).
Relationship Between Pulmonary Function and Neurological Outcome
In the present study, 37.2% of patients (77 of 207) were in poor clinical condition (H & H Grade IV or V) at admission, including patients who experienced repeated SAH and those with major intracerebral hematomas. Severe medical complications were more frequently seen in this subgroup and significantly contributed to the overall incidences of morbidity and mortality. When compared with the Cooperative Aneurysm Study, 16, 17 in which 68% of patients surgically treated made a good recovery, 66.2% of our patients had a favorable neurological outcome (GOS score of 4 or 5).
It was the conclusion of the multicenter study on the medical complications of aneurysmal SAH 32 that potentially preventable medical complications that occur following SAH significantly contribute to the overall mortality rate because the proportion of deaths resulting from medical complications (23%) equaled those deaths from direct effects of the hemorrhage (19%), repeated SAH (22%), or chronic arterial spasm (23%) individually. Pulmonary complications were responsible for 50% of all deaths from medical complications in that report. 32 The results of our study indicate that respiratory failure is frequently not the primary cause of death resulting from medical complications, but might affect neurological outcome by aggravation of ischemic brain injury and by progression to SIRS/sepsis and secondary MODS in critically ill patients.
Aggravation of Ischemic Brain Injury
Because there are limited energy reserves in the brain, the maintenance of neuronal integrity requires an adequate delivery of oxygen and a sufficient supply with energy-producing substrates. Cessation of neuronal function occurs within seconds after the arrest of CBF, and irreversible neuronal damage occurs within 10 minutes if CBF remains below 8 to 10 ml/100 g/minute in the absence of cerebroprotective measures. 35 In marked contrast to peripheral organ systems, even transient impairments of perfusion can therefore result in irreversible neuronal damage and permanent functional deficits. Following aneurysmal SAH, the combination of chronic arterial spasm, reduced CPP, and respiratory failure may therefore result in cerebral delivery of oxygen that is below hypoxemicischemic thresholds, which would not have been reached in the presence of each individual parameter alone. This assumption is supported by the results of our study because, for every given minimum CPP, the probability of poor neurological outcome significantly increased with the severity of respiratory failure (Fig. 6 ). Our study, however, suffers from the limitation that jugular bulb catheterizations and continuous monitoring of brain tissue oxygen tension 22 were not performed in significant numbers to add support to this finding.
Progression of ALI to SIRS/Sepsis and Secondary MODS
Although the severity of respiratory failure paralleled the degree of neurological impairment, we disagree that this association is explained by neurogenic influences 32 alone. Aspiration of oropharyngeal contents prior to intubation was the principal cause of impaired pulmonary function in the present series. However, a considerable number of patients also had impaired pulmonary function in the absence of significant alveolar edema and/or consolidation (nonedematous respiratory distress syndrome). Neurogenic pulmonary edema, a rare entity by definition, was not encountered in our study population. Therefore, we believe that different pathogenic pathways should be considered in the development of lung injury: one leading to indirect lung injury through mediators originating outside the lung and a second one leading to direct lung injury from aspiration or diffuse pneumonia. Furthermore, ALI can be induced by mechanical ventilation 7, 11 with overdistension of the lung, which can cause pulmonary barotrauma and volume trauma. There is also evidence that invasive ventilator strategies cause the release of proinflammatory mediators that will further augment the underlying ALI. 34 If cytokines such as tumor necrosis factor and the interleukins -1␤ and -6 33 enter the systemic circulation, they can induce a systemic inflammatory response and may be one of the mechanisms leading to secondary MODS. Therefore, our data indicate that neurogenic stimuli secondary to aneurysm rupture may facilitate the development of indirect ALI, whereas it remains unclear whether a systemic inflammatory response can be induced by neurogenic stimuli as well.
Frequently severe ALI was not an isolated finding among our patients with poor grades, but rather represented the first manifestation of a systemic disease. This supports the findings of a recent study that identified nonpulmonary organ system dysfunction and SIRS/sepsis as the leading factors for mortality in intensive care units. 6 Accordingly, patients in our series who had poor grades primarily suffered severe ALI on approximately Day 4 post-SAH; however, many of them later died from septic hemodynamic instability rather than from hypoxemia. We consider that improvements in the management of ALI have resulted in a shift in the cause of death from impaired pulmonary function to SIRS/sepsis and secondary MODS. [3] [4] [5] 24 It must be pointed out, however, that the "SIRS" definition is applicable to a larger group of patients than the former "sepsis" definition because the latter excluded many patients with unproven infection, although their estimated risks were equivalent to those who were included.
Finally, limitations in the management of ALI deserve consideration because several therapeutic strategies cannot be used in the presence of SAH: 1) high pulmonary airway pressures can compromise cerebral venous outflow by increasing intrathoracic pressure; 2) fluid restriction 30 to reduce alveolar edema according to Starling's equation conflicts with the established practice of hypervolemic hypertensive hemodilution therapy 1 in the presence of chronic arterial spasm; 3) intracranial hypertension represents the major contraindication for "permissive hypercapnia;" 34 on the other hand, aggressive hyperventilation can further augment lung injury and trigger the release of proinflammatory cytokines; 34 4) intracranial hypertension also precludes the use of kinetic therapies and changes in posture (that is, the "prone position"); 21 and 5) the use of inhaled nitric oxide 27, 29 can influence blood coagulation. Two cases of intracerebral hemorrhage that occurred during the use of nitric oxide therapy have recently been reported. 14 
Conclusions
Subarachnoid hemorrhage and its neurological sequelae accounted for the principal mortality in this series. Development of ALI was associated with a higher probability of poor neurological outcome. However, respiratory failure was not the primary cause of death from medical complications. In the present series, systemic inflammatory response (SIRS/sepsis) with associated organ dysfunction (MODS) was the principal nonneurological cause of death (32.6% of all deaths; 7.2% of the total population).
